Abstract
The administration of steroid hormones to animals lead to a rapid fall of cytoplasmic receptors in target tissues (Anderson et al., 1975 , Bloom et al., 1980 , Jungblut et al., 1976 , Mester and Baulieu, 1975 , Rousseau et al., 1973 , and this has been attributed to translocation of steroid hormone-receptor complexes to nuclei. The translocation of hormone-receptor complexes to nuclei has been considered to be an obiligatory step in the action of steroid hormones. However, Boesel et al. (1980) reported that nuclear receptor content in the prostate of castrated rats which received a testosterone injection increased to the level of intact control rats without producing any reduction in total cytoplasmic androgen receptor content. Furthermore, unoccupied nuclear receptor sites for estrogen were observed in target cell nuclei (Jungblut et al., 1978) nuclei of breast cancer cells (Geier et al. 1979 , Levy et al. 1980 , Panko and MacLeod, 1978 . The increase in the nuclear receptor after hormone administration did not completely account for the reduction in the amount of cytoplasmic receptors (Horwitz and McGuire, 1978, Isomaa et al., 1979) . On the other hand, Van Doorn and Bruchovsky (1978) stated that the nuclear receptors were originated exclusively through the translocation of the cytoplasmic receptor in rat prostate after the administration of androgens. The mechanism and physiological role of the nuclear translocation of cytoplasmic receptors in the steroid hormone action do not seem to have been fully elucidated.
In a previous paper (Ichii, 1980) , it was reported that depletion of the cytoplasmic receptor for androgen in the rat ventral prostate took place promptly after the administration of androgens and the period of receptor depletion was correlated with doses of androgen administered and also with the biological potency of androgens. To elucidate the physiological significance of the cytoplasmic receptor depletion further, changes in the cytosol receptor for glucocorticoid were examined in rat tissues after the administration of various glucocorticoids.
Materials and Methods
Animals and tissue preparations Male Wistar rats weighing 160-170g were adrenalectomized and used for experiments between 10 and 20 days postoperation.
In this period, the concentration of the glucocorticoid receptor in liver cytosols was relatively constant (Isohashi et al., 1979 10 min to remove charcoal completely, and the radioactivity in an aliquot of the supernatants was measured.
Radioactivity in the protein-bound fraction which was not displaced by the addition of a 500-fold molar excess of unlabelled dexamethasone was subtracted in all instances.
Maximum binding sites and Kd's were determined by the method of Scatchard (1949) . Pretreatment of cytosols with the dextran-charcoal to remove free steroids before incubation reduced the maximum binding sites but the rate of reduction seen in the cytosol from the untreated control animals was less than 10% in all instances.
Analytical methods Protein concentration was measured according to the method of Lowry et al., (1951) Table  1 . The liver and thymus showed a high level of receptor content, it was intermediate in the lung, the spleen and the heart, and low in the skeletal muscle when content was expressed on the basis of unit weight of cytsol protein. Relatively wide deviations in Kd's of glucocorticoid receptor among various rat tissues were reported by Ballard et al., (1974) , but in the present study, Kd's of 6 tissues from adrenalectomized rats were in a relatively narrow range.
Depletion and replenishment of glucocorticoid receptor in cytosols from rat tissues after administration of triamcinolone, dexamethasone, predonisolone and corticosterone Injection of glucocorticoids to adrenalectomized rats lead to a rapid reduction in 3H-dexamethasone binding in cytosols from all tissues examined. At 30 min after injection, the shortest period examined, the effect of hormone administration on depletion of the cytosol receptor in liver was maximum ( Fig. 1) . A rapid replenishment of the receptor took place when animals were treated with predonisolone or corticosterone at doses which depleted the cytosol receptor completely at 30 min postinjection. Some binding reappeared in the cytosol as early as 1 hr later and the level of the receptor returned almost to the control level by 7 hr. In liver cytosols from animals which received triamcinolone or dexamethasone, delayed replenishment of the receptor was observed, a trace binding appeared in the cytosols at 7 hr and even at 15 hr, the level of binding was still about less than half of that of the untreated control.
The relationship between the dose of hormone administered and rate of the receptor depletion was examined ( Fig. 2a-d ). Animals were sacrificed 30 min postinjection when the maximum effect on depletion was observed in all tissues and in all steroids used. Triamcinolone and dexamethasone exhibited a strong tendency to receptor depletion, the administration of as little as 2.5 nmoles per 100g body weight inducing a significant depletion ( Fig. 2a  and b) while the tendency to the receptor depletion of predonisolone and corticosterone was much less, approximately 20 and 100 times more being required to evoke a significant receptor depletion ( Fig. 2c and d) .
Response of the receptor to the dose of hormone administered differed from tissue to tissue. Among tissues examined, the receptor in the heart and the skeletal muscle was most susceptible, while the receptor in the thymus and the spleen was relatively resistant, approximately 4 times more steroid being required to induce complete depletion. Kd's of the receptor for dexamethasone binding were low in the heart and the skeletal muscle and relatively higher in the thymus and the spleen and this might explain, at least in part, the difference in receptor depletion observed after the administration of glucocorticoids. The Kd of the partially depleted receptor for 3H-dexamethasone binding was not changed, while the Kd of the replenished receptor was always higher than that of the untreated control (Fig. 3) . The differences in the Kd observed in the replenished receptor were not remarkable but this was the common feature of the receptor which reappeared in cytosols after complete depletion induced by hormone injection (results depicted in Fig. 3 were obtained in a typical experiment). The molecular mechanism involved in the Kd modification is under examination in our laboratory.
The duration of period of cytosol receptor depletion was correlated with doses of steroid administered. In the liver treated with 5 nmoles per 100g body weight of dexamethasone, the receptor did not disappear completely, replenishment was observed at 4 hr and returned to the untreated control level by 15 hr postinjection (Fig. 4a) . The depleted period was lengthened as the dose of administered steroid increased, the administration of 250 nmoles of dexamethasone causing complete depletion for 15 hr, and even after 36 hr the level of the receptor was still 50% of that of the control. A similar dose dependent pattern of the depletion and replenishment of the cytosol receptor was observed in the thymus and the skeletal muscle but in the thymus replenishment was observed significantly earlier than in the liver, the period of the complete depletion being only 7 hr even after treatment of animals with 250 nmols Extent of SEM for each point is similar to those in Fig. 1 . (Fig. 4b) . While in the skeletal muscle the effect fo the administered hormone lasted significantly longer, with 250 nmoles complete depletion of the receptor lasted for 24 hr and only 25% of the binding of the control reappeared in cytosols at 36 hr Endocrinol. Japon. June 1981 Fig. 3 postinjection (Fig. 4c) . The period of depletion of the cytosol receptor was much shorter when animals received predonisolone. In the liver, the period of the complete depletion was only 1 hr even when as much as 1400 nmoles per 100g body weight was administered (Fig. 5a ). Dose dependency and tissue difference were almost identical to those observed in the dexamethasone treated animals (Fig. 5a-c) .
Effect of administration of cycloheximide on depletion and replenishment of the cytosol receptor induced by predonisolone injection Intraperitoneal injection of cyclohexmide (2 mg per 100g body weight) resulted in more than 95% inhibition of the incorporation of 3H-leucine into the acid precipitable fraction in the liver as well as in the thymus for at least 6 hr. Predonisolone and cycloheximide (150 nmoles and 2 mg per 100g body weight) were administered concomitantly and changes in the dexame- thasone binding were traced. As shown in Fig. 6 , the administration of cycloheximide in a dose which inhibits protein synthesis almost completely did not modify the pattern of receptor depletion and replenishment in the liver or in the thymus (data not shown)
Effect of progesterone and cortexolone on depletion and replenishment of the receptor in the liver and the thymus induced by predonisolone injection Progesterone or cortexolone (1500 nmoles per 100 g body weight) was injected at the same time as predonisolone (150 nmoles per 100 g body weight) administration and changes in the receptor concentration in cytosols from the liver and the thymus were followed up. The pattern of depletion (30 min postinjection) and the replenishment (2 and 4 hr postinjection) was not modified at all by concomitant administration of these putative antiglucocorticoids in cycosols of both tissues examined (data not shown). In addition, no competition by these antiglucocorticoids of 3H-dexamethasone binding in liver cytosols in vitro was observed even at very high concentrations (Fig. 7) . However, extensive metabolism of corticosterone in incubations at low temperature was reported (Rosner and Poliment, 1978) and the degree of, or no competition oberved in predonisolone, corticosterone, progesterone and cortexolone was possibly attributable, at least partly, to the metabolism of these steroids under incubation conditions used for determination of the 
Discussion
The administration of glucocorticoids to adrenalectomized rats caused a rapid fall in the amount of cytoplasmic glucocorticoid receptors of all tissues examined in the present study. The decrease in the level of 3H-dexamethasone binding observed in the hormone treated animals does not seem to be attributable to the apparent loss of binding due to the occupation of the binding sites of the receptor by administered steroids, since the injection of 3H-dexamethasone in a dose which caused the complete depletion of the receptor revealed that the level of protein-bound radioactivity in cytosols was very low when compared to the bound radioactivity in nuclei (data not shown) and the Kd of the partly depleted cytosols was the same as that of the untreated control (Fig. 3) the complete depletion in fluorinated steroids, while 200-1400 nmoles was needed in unfluorinated ones. The potency of receptor depletion was correlated with the biological activity of glucocorticoids estimated by the action of antiinflamation or glycogen deposition, except that triamcinolone exhibited a stronger receptor-depleting potency. For these reasones, depletion of the receptor in target tissues seems to be a good measure of the biological potency of steroid hormones.
The receptor in the heart and the skeletal muscle was depleted by the administration of lower dose of steroids, while almost 4 times the amount of steroids was required to deplete the receptor in the thymus and the spleen. These differences in the susceptibility to receptor depletion were explained, at least in part, by the differences in Kd's for 3H-dexamethasone binding in these tissues, Kd's in the thymus and the spleen being significantly higher than those of other tissues (Table 1) .
Replenishment of the receptor took place when the concentration of the injected steroids in cytosols and nuclei dropped to a low level which was revealed by tracing the injected 3H-dexamethasone (results will be published elsewhere). Differences observed in replenishment after the administration of dexamethasone and predonisolone were possibly due to the difference in the rate of cellular metabolism and the clearance of these steroids. As to the mechanism of receptor replenishment, new receptor synthesis was mainly attributed by Jungblut et al. (1979) and by Mester and Baulieu (1975) in the estrogen receptor of rat uterus, while main role of cycling of the translocated receptor to the cytoplasm was postulated by Ishii et al. (1972) and Aronow (1978) in the glucocorticoid receptor of cultured fibroblast. In the present study, the pattern of receptor depletion and replenishment after the administration of predonisolone was not modified by concomitant administration of cycloheximide in a dose where more than 95% of protein synthesis was inhibited. Therefore, participation of the new receptor synthesis in the receptor replenishment of the cytoplasm of rat liver, at least in the replenishment taking place at a relatively early period, seems unlikely.
In the rat ventral prostate, the androgen receptor was depleted for more than a week by an injection of long-acting androgen (Ichii, 1980) . During the depleted period, the concentration of cytosol protein in this tissue increased and when the receptor was replenished in the cytosol, the concentration of protein showed a tendency to decrease. These results seem to indicate that the depletion of the cytoplasmic receptor is closely related to the increase in the rate of protein synthesis. It was observed in the present study that the period of receptor depletion in the liver cytosol was long after the administration of triamcinolone and dexamethasone and short after predonisolone and corticosterone. Furthermore, the duration of the depletion period was dependent on the dose of hormone administered. From these observations, it might be safely concluded that the depletion of the cytoplasmic receptor is a sequence of translocation of hormone-receptor complexes to nuclei and the translocation is an important step in the action of steroid hormones, although some investigators reported unoccupied nuclear receptors (Geier et al., 1979 , Levy et al., 1980 , Panko and MaLeod, 1978 and an increase in the nuclear receptor without depleting the cytoplasmic receptor after hormone administration (Boesel et al., 1980) . Differential solubilization of the nuclear glucocorticoid receptor of triamcinolone, dexamethasone and cortisol in thymocytes by DNases was reported by Cidlowski and Munck (1980) . From these observations, the authors suggested different localization of these glucocorticoid-receptor complexes in nuclei and some relationship between biological potencies of hormones Vol.28, No.3 DYNAMICS OF CYTOPLASMIC RECEPTOR 303 and sensitivity of hormone-receptor complexes to extraction by DNases. The different depletion period observed after the administration of various glucocorticoids of different biological potencies in the present study might possibly be explained by the different sensitivity of the nuclear receptors to attack by destructive enzymes in nuclei.
The antiglucocorticoid action of progesterone and cortexolone was reported (Kaiser et al., 1979) but these antihormones did not modify the pattern of receptor depletion and replenishment.
It has been already observed that neither progesterone nor cyproterone acetate influenced the dynamics of the cytoplasmic androgen receptor after the administration of androgens in the rat ventral prostate (Ichii, 1980) . Along with these observations, the presence of progesterone binding component(s) in rat thymocytes other than the glucocorticoid receptors was observed (Kaiser et al., 1979) , therefore it might be possible that progesterone exhibits the antihormone action through a mechanism not involving the glucocorticoid or androgen receptor system.
